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TECHNICAL NOTE NO. 1166

VARTATTON OF HYDRODYNAMIC IMPACT LOADS WITH FLIGHT-PATH

ANGIE FOR A PRISMATIC FIOAT AT O° AND -3° TRIM AND

WITH A 22-;9 ANGIE OF DEAD RISE

By Sidney A. Batterson
SUMMARY

Teats were made on a prismatic float model to determine the

* relationship betwsen the vertical landing acceleration and flight-
path angle for seaplsnes l:onding in smooth water. The tests were
made at both high a:cﬂ;d. low forward speeds and at ftrims of 0% and -3°.

The model had & 22% engle of dead rise and a gross welght of 1100

pounds. The results of the tests indicated that, over the test range
of flight-path angle, the meximum vertical landing ecceleration
closely approximated an exponential line for 0° trim. The runs

made at -3° trim showed - with only e slight variation resulting
from bow effects - that, as the flight-path angle increased, greater
increases in load resulted under conditions in which the sum of the
trim and flight-path angle was positive than under conditions in
vhich this sum was negative. With the model met at -3° trim the
minimm depth of immersion at the instant of maximum acceleration
occurred at a Flight-path angle in the region between 3° and 4°;
however, greater depths were recorded which were especially
noticeable at smaller flight-path angles. Observations based on

the results of this test indiceted possible hazards accompanyling
low-attitude high-speed landings.

INTRODUCTION

A peries of tests have been conducted in the Tangley impact
to determine the effect of the flight-path engle upon the hydrodynamic
lending losds. Tests previously reported were made at trims of 3°,
6°, 9°, and 120. (See veferences 1 to 3.) The purpose of the tests
described herein was to extend the investigatlons carried out in the
tests of references 1 to 3 into the low trim range by securing data
at 0° and -3° trim. Furthermore, since evidence has been presented
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(references 4 and 5) that suction effects may be present during
landings carried out at very low trims and flight-path angles, 1t
wves desirved to obtain data relevant to this phenomenon under the
controlled testing conditions poesible in the impact besin. The
tests were made in smooth water with the model described in
references 1 to 3. The results of the test made at 0° trim are
represen‘bat(i)ve of thoss for a prismatic form with an angle of dead

rige of 22—%‘- , whereas the test made at -3° trim furnishes results

which are not representative of the prismatic form with constant
dead rise, inasmuch as the initial water contact ie mede at the
bow where the dead rise varies.

SYMBOILS
v resultant velocity of float, feet per second
Vy horizontal velocity component of float, feet per second-
Ve vertlcal velocity component of float, feet per second
g acceleration of gravity (32.2 ft/sec?)
Fiw hydrodynemic impact force normal to water, pounds
W total welght of model, pounds
Fy
W
i"’max maximum impact leoad factor =
T float trim angle, between model base line (fig. 1) and
level water, degrees
_ v,
4 flight-path angle, degrees (ten 7 = .7-1;
¥y vertical displacement of float, inches

EQUIPMENT AND INSTRUMENTATION

o
The lmpact-basin test model M-1, which has a 2.’%’- engle of
dead rise, is the float described in refersences L to 3., The lines

end pertinent dimensions of this model ere shown in figure l. The
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gross weight of the model, including the drop linkage, was

1100 pounds. The equipment and instruments used throughout the tests
were the same as those described in reference 2. Impact normel
accelerations were obtained from en NACA air-damped accelerometer,
which had & frequenoy of 21 cycles per second.

TEST PROCEDURE

The model wes tested with 0° yaw et trims of 0°-and.-3° in
smooth water. The horizontal velocity for these tesis ranged -
from approximately 45 feet per second to 100 feet per-second, and
the vertical velocity ranged from epproximately 0.8 foot per .
"gecond to 10 Peet per second. The approximate range of flight-path
engle determined from the conbination of vertical and horizontael
velocities was from O. 7 to 10°, The depth of immersion of the
model was measured from the initial water contact and in e direction
perpendicular 5o the level water surface. During the impact process
a 11f% equal to the total welght of the model and drop linkage - .
vas exerted on the float by means of the buoyancy engine described

in reference 6. All test measurements were recorded as time histories.
.- . . ) - T [ . Fa

PBECISION

The apparatus used in the present tests yileld measurements 'bha.t
are belleved correct within the following limits. ’ .

- Horizontal velocity, feet per second T F e s e e e s e e

Verticel velocity, foeot per Second ¢ e« ¢'o o ¢ o o o .0 s o -0 = 102
Vertical: displacement, INCHE8 "o fe.a o ¢ ¢ & ¢ o oe o o+.o. 1042
Accelera.tion,g oeoeeeonoco_ooo._ceo-_oe 0.5
Weigh'b; PO‘lmd.B s s e s . = e e st e r e e s es e e l‘j“:*eto

RESUIE’S AND DISCUSSION

The me.ximm load factor was derived from accelerometer records
obtained for each impact. Since the buoyancy engine eontri'buted.
en upward force equal to the total weight of the modsl, ‘1g was
subtracted from values obtelned direotly from the e.ccelerometer
record in drder to isola.te the lwd.rodynamic foroe resulting from
the 1mpaot;
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Inasmuch as the maximum impact normal gcceleration wag shown
in reference 6 to be proportional to the. square of the resultant
velocity, the hydrodynamic loed factor was divided by V2. to °
gbtain this quentity independent of the wyelocity. The values.
of hi“maxl for fleat trims ef 0° and -3° are plotted egainst

the flight-path angle at the instent of water comtact in flgures 2
and 3, respectively.

From the data presented in figure 2 the variation of ni., /Ve
¥max

with 7 - for 0O° trim &ppears to bs, for most practical purposes, a
simple power function over the teést renme. This' fact is in agreement
with the results of references 1 to 3, vhilch showed the variation

for a series of poeitive trims up to l“o. The slope of the. curve

for 00 trim (fig. 2) ‘is steeper than those derived at the higher trims.
This fact further substéntiates the conclusions of references 2 and 7;
namely, that at the Jow flight-path angles the predaminating force
effiects weére due to the dovmward deflection imparted to the weter
lmpinging upon the float bottom, whersas at the high flight-path
angles the predominating forces resulted from acceleration of the
virtuel mass.

The results obteined from the runs made at -3¢ trim are not
analagous te those obtained from the positive trims, eince at
negative trims the initlal water contact occure at the bow ~ a
sectlion of varying dead rise and varying effective trim. Notwith-
standing this fact, the date of figure 3 indicate a trend that
appears to be peculiar to the. runs:made at negatlive trim end low
flight-path angles. The curve a8 determined by the data secured
at flight-path asgles above the region between 3° and 4° is for most
practical purpopes a straight. line. The datae obtalned at flight-path
angles below this. reglon,.however, fall to the left of the curve extra-
polated in the reglon.of low values of niw ,VQ. ThHis phenomenon

apparently 1nd1catee that he runs made at flight-path angles
greatér than those in the reglon between 3° end 4O exhibited
greater increases in load as the flight-peth angls increased than
thoase made at flight-peth angles below this region., This result
can be explained by the presence of & reduced pressure aree over &
part cf the float bottom at the low flight-path angles. If the
effect of bow curvature is neglected, this reduced pressure
phenomenon should become epparent when the algebraic sum of the
trim and flight-path angle is negative; that is, when the trim

is -30 the flight path angle must be .less then 3°, Under this con-
ditios, although the float 1s immersing, its forward-velocity '
compogent is such that the float bottom tends to pull away from the
wvater with which it is in contact. It can be noted in figure 3,
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however, that the chenge seems to occur in the flight-path range
between 3° and 4°, indicating that this phenomenon makes its
appearance at slightly higher flight-path angles than are necessary
to make the algebrelc sum of the trim snd flight-path angle zero.
This behavlor is attributed teo the convex curvature in the bow
reglon which induces such & flow pattern to the water initially
contacted by the bow that the pressures on the rear wetted part of
the bottom are reduced. It is expected that the reduced-pressure
phenomsnon will inerease in megnitude with increases in velocity
and with decreases in fllight-path angle and trim. .

Reduced pressures at rnegabtive trim and low flight-path angle
have & pronounced eff'ect upon the depth of immersion attained at
the time of meximum force. This effect cen be obaerved by com-
varison of the two curves showlng the variation of depth of immersion
with flight-path angle at the time of maximm g fFfor 0° and -3° trim.
(See fig. 4.) The trend of the 0° trim curve conforms with data
obtained in references 1 to 3 for the higher trime, since the
depth of immersien at the time of meximum g incresses continuously
with Increasing flight-path engles; whereas, the curve representing
the -3°% conditicn shows thet the minimum depth was atieined at a
flight-path angle in the region between 3° and 4°, Obssrvations
based on the magnitude of the depth of Ilmmersions obtalned with
both negative trime and positive trime at the very low flight-path
angles show the pegative-trim immersions to be abnormally large.
The iIncrease in depth of immergion with decreases in flight-path
angles below b evidently results from the reduced vertical force
in this range; therefore, in crder to dissipate the vertical momentum,
a greater depth of lmmersion is necessary to allow the virtual mass,
dynamic 1ift, and buoyancy forces to bulld up sufficiently and to
act throughout a longer period of tims.

The date secured at the nemative trim indicate some possible
hazards involved in high-gpeed low-atbitude landings. One such
heazardous condition would result from the high mpeeds associated
with lendings made at low trims and low flight-path angles. Such’

a condition would result in exceedingly high bow loads because of the
largs dynamic pressures built up due to ths speed. In addition to
constituting a severs structural condition, a high bow load, when
coupled with the reduced pressures occurring further aft, conld
provide a large stalling miment. Under these conditions the airplans
would be thrown into & stalled ettitude with a consequent loss of
the pilot's ebllity to control 1t., An additional hazerd associated
with negative-trim landings is indlcated by the curve of figure L4,
vwhich ghows abnormally great depths of immersion resulting frsm

this type of landing. The hlgher drag forces thet would be
developed under such circumstances could produce large and perhaps
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dangerous longltudinel accelsrations. This drag force would tend
to alleviate the foregoing stalling characteristics. During these
teats, however, no instrumentation was avellable to measure the-
water pressures, drag loads, and pitching moments; therefore, the
determination of the predominating forces affecting the stability
and structural components of the airplane throughout the lmmersion
would reguire further investlgations.

CONCIUDING REMARKS

Testas of a prismatic float were made in the Iangley impact
basln to determine the relationshlp between the hydrodynamic
landing loeds and flight-path angles for seaplanes landing in
smooth water.

The results of the tests made for constant model welght end
at modsl trim of 0C indicated that the variation of maximum impact
normal acceleration wlth flight-peth angle showed very good agres-
ment with an exponential line.

The rvns made at -3° trim showed - with only a slight
veriation resulting from bow effects - that, as the flight-peth
angle increaged, greater increeses in load resulted under con-
ditions in which the sum of the trim and flight-path angle was
positlve than under conditions in which this sum was negative.
With the model set at -3° trim, the minlmum depth of immersion at
the instant of maximum acceleration occurrsd at & flight-path engle
in the reglon between 3° and ho; whersas much zreaster depths were
recorded at smaller flight-path angles.

The results indicated that the low-attitude, high-speed landings
might constitute a marked hazard. During these tests, however, no
ingtrumentation was available to measure the water pressures, drag

loads, and pitching moments; therefors, the determination of the
predomlnating forces affecting the stability and structural components

.of the alrplane throughtut the immersicn would require further
invastigations. ’

Lsngley Memorial Aeronsuticel Laboretory
Natlonal Advisory Committes for Aeronautics
Langley Field, Va., January 31, 1947
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